increment of increased survivorship on the natural diet was observed when genetically heterogeneous hosts were infected with a pathogen population which in itself was heterogeneous in its genotypic composition with respect to virulence. Further examination of this r61e of pathogen heterogeneity in the nutrition effect led to a change in technique in the experiments designed to permit the concentration and isolation of the factor(s) in the natural diet responsible for the increased frequency of survivorship. This change in technique exploited the concept of the heterogeneous pathogen by employing two different cultures of Salmonella typhimurium, one avirulent and the other virulent, and further, by injecting into the host the avirulent culture 24 hours before the virulent one. This procedure has been named the double strain inoculation test, or DSI test. The steps which led to this infection procedure have been described previously (3) , but it is worth emphasis that this selection of a 24 hour time interval between the two components of the heterogeneous pathogen population bears only a special relevance for these two particular cultures and this relevance rests solely on the fact that it is at precisely this time interval that the dietary effect is maximal (see reference 3). For other cultures other time intervals, including the zero time interval (see reference 2), might well prove to be maximal in their effect.
Whatever may be the specific details which the DSI test might take in any specific infection the fact remains that its important element of conducting an infection test of "natural resistance" by means of two separate cultures was arrived at by an analysis of the effect of an environmental factor; i.e., diet. The question now arises whether this test can detect differences in "natural resistance" in those instances in which these host attributes are determined not by environment, but by genetics. For there is no evidence, a priori, which would assure that differences in "natural resistance" arranged by diet are necessarily the same as differences arranged by genetic composition. Indeed it has been found necessary to devise a special test to detect these diet effects with reliability. What we need to know is whether the DSI test is capable of detecting these genetically arranged differences in survivorship as well as the nutritionally arranged event, or whether it is incapable of so doing and we are thereby reduced to considering the DSI method as dealing fundamentally with something different from the genetically controlled situation. To find an applicability of the DSI method in both the genetic and the nutritional event would have certain advantageous consequences, not the least of which is that it would make possible the beginnings of a unified biochemical theory which would underlie both the nutritional and genetic factors in their separate workings.
It is the substance of this paper that the DSI method is capable of revealing differences in "natural resistance" which are referable to genetic constitution in addition to its established ability to reveal differences in "natural resistance" due to nutrition.
Materials and Methods
Animals.--In the following experiments use has been made of four pure, brother-sister inbred strains of laboratory mice (18th to 29th generation) developed in this laboratory by the late Leslie T. Webster from a common stock of Rockefeller Institute mice and now differing widely in their response to injection. These stocks are maintained free of Salmonella infection. The derivation of these strains has been described by Webster (4, 5) . Briefly, they are characterized by the four possible combinations of relative resistance and susceptibility to a bacterial disease (mouse typhoid, salmonellosis), and to a virus disease (St. Louis encephalitis); v/z., bacteria-resistant, virus-resistant; bacteria-susceptible, virus-resistant; bacteria-resistant, virus-susceptible; and bacteria-susceptible, virus-susceptible. The response of these strains to the two different kinds of infection, under the conditions of this laboratory, is epitomized by data presented in Table I . This table was compiled from data obtained during 1942 when the mice were in their 15th to 20th generation of brother-sister inbreeding. This system of inbreeding has been rigorously followed to the present. Although St. Louis encephalitis virus was not used in any of the experiments reported here, the mouse strain designations employed previously have been retained in this paper for the sake of uniformity with previous publications.
Pathogen.--Two cultures of Salmonella lyphimurium (IV, V, VII: i-1, 2, 3) were used. One culture, TMO-S3, was relatively avirulent for uniformly susceptible mice. The second culture, BA~SC-1, was highly virulent for mice. These cultures were derived (see reference 3) from cultures originally received from Dr. G. M. Mackenzie of the Mary Imogene Bassett Hospital of Cooperstown, New York. The present avirulent TMO and virulent BA~ cultures of Mackenzie, although differing widely in virulence, were both smooth and indistinguishable in cultural, serological, immunizing, and toxigenic characters, and did not differ signiiicantly in invasiveness and resistance to phagocytosis (Pike and Mackenzie (6) ). All cultures were perpetuated by preparing nutrient agar stabs with broth cultures of the organisms, incubating for 24 hours at 37.5°C., and then storing in the ice chest at 4°C. Fresh transfers were made at approximately monthly intervals.
Cultures were prepared for use in the infection experiments by seeding meat infusion broth tubes (10 ml.), incubating for 6 hours at 37.5°C., transferring a loopful to fresh broth (10 ml.) and incubating for 18 hours. The optical density of the cultures was then measured in an Evelyn photoelectric densitometer and the density of viable cells estimated (4-10 per cent) with the aid of a chart prepared from calibration data assembled for each of the two stock cultures. The appropriate dilutions were made with sterile saline, so that the desired dose of cells was suspended in a volume of 0.25 ml., which was injected intraperitoneally into each mouse. As a further check on dosage dilution plates were poured. In all instances these indicated that the administered dosage was as calculated from the densitometer data.
Environment.--All the experiments have been performed in the two air-conditioned rooms previously described (1) . These rooms provide a constant temperature of 80 -4-0.5°F. and a constant relative humidity of 50 4-3 per cent. The artificial lighting (fluorescent) is 12 hours per day, 6 a.m, to 6 p.m. The details of animal caging were the same as previously described (1) .
D/~t.--All the animals in these experiments were fed our standard laboratory stock diet plus distilled water ad libi~m. This diet is Irwin's modification (4) of the Steenbock stock diet. It consists of the following items, listed in parts by weight: yellow corn meal, 64; linseed oil meal, 16; crude casein, 5; ground alfalfa meal, 2; powdered dried whole milk, 5; wheat germ, 10; dried yeast, 2; sodium chloride, 0.5; calcium carbonate, 0.5; cod liver oil, 2.
Under the environmental conditions already described the mortality risk of uninfected mice on this diet was nil from weaning age until the time when the experiments here to be described had been completed.
The Double Strain Inoculation Test Applied to BRVS and BSVS Mice
The opportunity to test the double strain inoculation method as a detector of differences in natural resistance due to genetic composition of the host was made possible by the presence in our laboratory of four different inbred strains of mice, the descendants of Webster's selected stocks (4, 5) , which differed widely in their response to Salmonella infection, as measured by survivorship frequency. As Table I shows, two strains were "resistant" and two "susceptible." These divergent responses to infection were arranged by the geneticist's operation of inbreeding and selection, the guide to selection, be it noted, having been the response to an infection test performed with a single culture of Salmonella. The differences between these strains have been established as being innately, or genetically, determined (5) . Indeed, the very fact that such stocks exist has been regarded by Zinsser, Enders, and Fothergill (7) as "the most trustworthy evidence which we possess at present for regarding it (inherited resistance) as a real phenomenon."
Before applying the double strain inoculation method to these inbred strains of mice it might be well to recapitulate the basic facts of the double strain phenomenon which underlie the experimental details. These relationships are well brought out by an examination of the effect of various time intervals between the initial admission of the avirulent pathogen population into the mouse and the final admission of the virulent population. In such circumstances it has been found (3) that the frequency of survivorship increases rapidly with increase of the time interval between the avirulent and virulent doses. It was found further (3) that this rising curve of survivorship frequency was determined by the dietary status of suitable genetically heterogeneous mice, such curves rising more steeply if the mice were on a natural diet than when the mice were on a synthetic diet. The important point is that the DSI test in this manner revealed a divergence in the disease response of the mice on the[two different diets. It followed, of course, that the mice which manifested the more steeply rising curve of survivorship frequency were designated as "more resistant." The area described between these two rising curves of survivorship frequency is thus an effective index of the difference between the effects of the two diets on the mice at test. These considerations can be represented diagrammatically as in Fig. 1 . Although in previous experiments (3) the area of divergence was due to the effect of diet difference (same mice on two different diets), this same divergence should emerge when the double strain inoculation test is performed with mice differing innately in natural resistance (two different kinds of mice on the same diet).
140 weanling BRVS mice (70o ~, 70 9 ), and 140 BSVS mice (70cV, 70 9 ), were assembled in Room 1, as they became available, over a period of a month. During this period of assembly and throughout the course of the experiment the mice were fed the modified Steenbock stock diet and distilled water ad libilum. Four weeks after the last mice had been admitted to their respective assembly, the mice were transferred to Room 2 and placed in individual cages. The mice were 2 to 3 months old at this point and the average body weight was as follows: BRVS, males 25.9 gm., females 22.1 gin.; BSVS, maies 25.2 gin., females 21.4 gin.
Upon transfer to Room 2 the mice were divided by sex, age, and strain into 7 groups of 40 each, composed of subgroups of 20 BRVS and 20 BSVS mice. Mter 5 days of acclimatization to the new caging, the mice were infected with S. typhimurium in the following manner.
One group, the avirulent control, was injected intraperitoneally with 0.25 ml. of a sterile saline suspension of 10 ~ viable cells of TMO-S3. A second group, the virulent control, was similarly injected with 10 ~ BA2SC-1. The third group was injected with 0.25 ml. of sterile saline containing 103 TMO-S3 and 105 BA2SC-1. On the same day groups 4 through 7 were injected with 103 TMO-S3 and after intervals of 1, 2, 7, and 14 days respectively, groups 4, 5, 6, and 7 were separately superinfected with injections of 105 BA2SC-1. All mice were observed for 30 days following the last injection of virulent BA2SC-1 and were then discarded. Deaths were recorded daily. Mice which were alive at the end of the 30 day period were counted as survivors. Results are presented in Table II and Fig. 2 .
The determining influence of the genetic constitution of the host for survivorship after double infection with virulent and avirulent S. ~yphimurium is clearly reflected in the data presented in Table II and, graphically, in Fig. 2 . Just as in the diet experiments previously reported (3), survivorship is a rune-tion of the time experience of the avirulent S. typhimurium, in this instance for both strains of mice; but the resistant strain is characterized by the more rapid rate at which this increased frequency of survivorship is achieved. The designation then of the BRVS strain as a strain naturally resistant (relatively) to Salmonella infection is a valid one when tested by the DSI test; or conversely, if the BRVS strain is a satisfactory example of the phenomenon of natural resistance to infection, then the DSI test method is a valid method of identifying stocks of this sort. In order to confirm and extend this conclusion a second test was performed in which a second resistant strain~of %S, per cent survivors.
All mice were observed for 30 days following the last injection of virulent BA~SC-I and were then discarded. Deaths were recorded daily. Mice which were alive at the end of the 30 day period were counted as survivors. Results are presented in Table III and Fig. 3 .
It is apparent that the double strain inoculation procedure applied to a second inbred resistant strain of mice and compared with the same inbred susceptible strain has produced results which are similar to those reported above. As Fig. 3 shows, an area of divergence of survivorship frequency was readily demonstrated and to that extent the claim that the DSI test is a test capable of revealing differences in natural resistance genetically determined is thereby strengthened.
It was next planned to study the relationship between a resistant strain and the second available susceptible strain, the BSVR strain. A difficulty arose, however, when it was found that the susceptibility of this BSVR strain is so great that when injected with 1@ "avirulent" TMO-S3, all the mice died. Appreciable survivorship frequencies could be obtained only by reducing the dosage of TMO-S3 to 10 ~, but this dose was so small, and the results were so erratic, it was feared that a large doubt had arisen whether, at such small dosages, all the animals were indeed experiencing a controlled contact with the bacterium. The DSI studies with BSVR mice were therefore abandoned. This experience, however, did bring to light a difference between the two susceptible strains, BSVR and BSVS, which had not been known to exist on the basis of the response to the original selection method with single cultures of S. enterltidis. (See Table I .) DISCUSSION From the data which have been presented above it is evident that those preexistent host attributes present in mice which mitigate the effect of Salmonella infection, and which we designate as "natural resistance," are detectable by the double strain inoculation test whether those attributes are, in certain instances, determined by diet, or whether, in other instances, those attributes are genet-ically determined. Although these facts may make permissible the use of the double strain inoculation test in studies of natural resistance, is this test a compulsory one? It would not appear to be so, for in Webster's hands (4, 5) a single culture of Salmonella enteritidis served satisfactorily for the selection of naturally resistant and susceptible mice. An explanation for this may be that Webster's cultures were not homogeneous, but heterogeneous and hence are not logically considered as single cultures, but as mixtures containing, in all probability, both virulent and avirulent ceils. This is constructing an argument after the fact but it is a defensible argument as the following considerations will show.
In all the mouse infection tests which were necessarily performed during the approximately 10 year period that the resistant and susceptible stocks were being inbred and selected (4, 5) the bacterial tests were all performed with the same culture of S. enteritidis (B. enteritidis) bearing the laboratory designation of MT-1. This laboratory strain of MT-1 was first isolated by Lynch (8) in 1918 from a mouse epizootic in the breeding stock for cancer of the Rockefeller Institute. Twelve years later Webster began his breeding work and used this same culture which had been maintained by transfer at approximately monthly intervals and storage on nutrient agar in the ice chest. It is very unlikely, in the light of modern knowledge of bacterial dissociation, that a laboratory culture of this history could be considered as being homogeneous.
Further evidence that the laboratory culture of MT-1 was not homogeneous, but heterogeneous, was obtained in our laboratory in 1944 (2) .
From these considerations it is apparent that a single dose of a mixed culture of pathogen variants can indeed serve as a method for measurement of natural resistance. Whether such a mixed culture serves satisfactorily will depend, among other things, on the relative proportions of the variants. In the zero time mixtures employed in the present experiments for example, the proportion of i08 avirulent and 105 virulent does not serve as a satisfactory single dose test since all the animals, irrespective of strain, died. This is probably not only a reflection of an imbalance between the two variants, weighted in favor of the virulent form, but also of other fundamental differences between the two variants which are concomitant with the artificial nature of their derivation and culture. The point is that by exploitation of the time curves a satisfactory relationship can be found. Historically, it would appear, there has been a dependence upon the usual heterogeneity of laboratory cultures for the testing of natural resistance differences. But this dependence places its reliance on factors left more or less uncontrolled, such as the relative proportions of the avirulent and virulent variants, to mention one factor. Such uncontrolled oscillations of variant frequencies, due to genetic drifts in the bacterial population, may account for Webster's experience with his inbred strains when he reported (5) "Control measures are frequently inadequate to prevent variation in results such as the sudden increase of 15 to 20 per cent in mortality percentages in all lines recorded in the present experiments." Only the separate cultivation of avirulent and virulent variants makes possible the direct control of their respective frequencies in a mixture. However, when single cultures of unknown patterns of heterogeneity have been used, such instances can be regarded as constituting a special case of the double strain inoculation test; i.e., the superinfection time interval has been reduced to 0. The utility of the double strain inoculation test is thus based, in part, on its generality and the DSI test is therefore not compulsory, but, for practical reasons, desirable.
The double strain inoculation (DSI) method of testing for natural resistance to infection has been examined in the instance of mouse salmonellosis. The DSI method has been found capable of detecting differences in natural resistance due to genetic as well as nutritional causes.
A difference in response to Salmonella infection was found for the first time between the two "susceptible" inbred mouse strains, BSVR and BSVS. Whereas BSVS mice for the most part survived an intraperitoneal injection of 103 "avirulent" S. typhimurium, BSVR mice all succumbed.
The relationship of the DSI test to the usual single infection test has been discussed and it is suggested that such single infection tests are special cases of the DSI test, since they involve a heterogeneous bacterial population which can be considered as a mixture of cultures of differing virulence and in which, by a single injection, the usual time interval between the two injections of the DSI method has been reduced to 0.
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